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[Kind of document] SPECIFICATION 
[Title of the Invention] 

Filter apparatus and method for purifying liquid using 
the filter apparatus 
[Claims for the Invention] 

[Claim l] A filter apparatus comprising, at least as a 
portion of a filter material, a chelate-forming fiber having a 
group including an amino group and at least two hydroxyl groups 
combined with carbons introduced into a fiber molecule. 

[Claim 2] A filter apparatus according to claim 1, 
wherein the chelate-forming fiber has a group represented by the 
following formula [I] in the fiber molecule- 
[Chemical Formula l] 

— N — G 

I [I] 

R 

[wherein, G represents a chain sugar alcohol residue or a 
polyhydric alcohol residue, and R represents a hydrogen atom, a 
(lower) alkyl group, or -G (wherein G has the same meaning as 
defined above and may be a group identical to or different from 
the aforementioned G)]. 

[Claim 3] A filter apparatus according to claim 2, 
wherein G is a residue in which an amino group is eliminated 
from Dglucamine, and R is a hydrogen atom or a lower alkyl 
group, in the formula [I]. 



1 



10-121195 

[Claim 4] A filter apparatus according to claim 3, 
wherein G is a dihydroxypropyl group, and R is a hydrogen or a 
lower alkyl group, in the formula [I]. 

[Claim 5] A filter apparatus according to any one of 
claims 1 to 4, wherein a group having an amino group and at 
least two hydroxyl groups combined with carbons is directly 
combined with a reactive functional group in the fiber molecule. 

[Claim 6] A filter apparatus according to any one of 
claims 1 to 4, wherein a group having an amino group and at 
least two hydroxyl groups combined with carbons is introduced 
into a reactive functional group in the fiber molecule via a 
cross-linking bond. 

[Claim 7] A filter apparatus according to any one of 
claims 1 to 6, wherein the fiber is natural fiber or regenerated 
fiber. 

[Claim 8] A filter apparatus according to any one of 
claims 1 to 6, wherein the fiber is synthetic fiber. 

[Claim 9] A filter apparatus according to any one of 
claims 1 to 8, wherein the chelate-forming fiber has a capability 
of capturing, as a chelate, a metalloid element or compound. 

[Claim 10] A filter apparatus according to claim 9, 
wherein the metalloid element or compound thereof is boron or 
boron compound. 

[Claim 11] A method for the purification of a liquid, 
comprising the step of allowing a liquid to pass through the filter 
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apparatus according to any one of claims 1 to 10 to remove ionic 
substances and insoluble impurities in the liquid. 

[Claim 12] A method for the purification according to 
claim 11, wherein the liquid is an aqueous liquid. 

[Claim 13) A method for the purification according to 
claim 11, wherein the liquid is an oily liquid. 

[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] 

The present invention relates to a novel filter apparatus 
which is capable of efficiently removing, in particular, metalloid 
ions and insoluble impurities in a liquid to be treated to purify 
the liquid, and a process for the purification of a liquid using the 
filter apparatus. Since the filter apparatus can efficiently 
removing metalloids (boron, germanium, arsenic, antimony, 
selenium, tellurium and the like) contained in an aqueous liquid 
or an oily liquid and can simultaneously remove insoluble 
impurities contained in these liquids to be treated, the filter 
apparatus can be effectively utilized for removing impurities as 
well as germanium which is mixed as a polymerization catalyst 
in ethylene glycol left as an unreacted substance or arsenic 
contained in edible oils at the time of purification of drinking 
water or water for food processing and the like (especially 
simultaneous removal of harmful ionic substances containing 
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metalloids and insoluble impurities) and polyester production so 
as to purify such liquids* 

[0002] 

[Prior Art] 

Boron, a kind of metalloids, or a boron compound is 
widely distributed in the natural world and is an essential 
element to the human body. However, it has been verified that 
an excess intake of this element adversely affects the human 
body. Cases which are supposed to be caused by human-induced 
pollution with boron components in rivers or ground water have 
been reported, which invites apprehension of bad influence of 
recycling such water. In the water recycling, although it is 
necessary to remove contaminants such as boron components and 
the like as well as to remove insoluble impurities, an apparatus 
capable of simultaneously removing them has not been 
suggested. 
[0003] 

In addition to boron, for example, arsenic and arsenic 
compounds are harmful to the human body, and these compounds 
as well as insoluble inclusions must be removed as much as 
possible from, for example, drinking water which is suspected to 
be contaminated by these substances. However, it is impossible 
to simultaneously remove them. 
[0004] 
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The present invention provides a filter apparatus 
capable of efficiently adsorbing and removing metalloids or 
compounds thereof from liquids to be treated such as water or 
edible oils as well as simultaneously removing insoluble 
impurities contained in the liquids to be treated efficiently so as 
to purify these liquids, and further provides a technique capable 
of purifying liquids to be treated such as water or oils using the 
filter apparatus. 
[0005] 

As a method for removing metalloids such as boron in 
water, a method using basic ion exchange resin is conceivable. 
However, the present inventors and the like have verified that 
the selective adsorption property to metalloids such as boron in 
basic ion exchange resin is very low, and if other anions are 
present in the system to be treated, the capturing performance to 
metalloid components is extremely lowered. 
[0006] 

On the other hand, there is a chelate resin having a 
performance of capturing boron components, and a method for 
removing boron components contained in irrigation water and 
the like using the chelate resin is known. However, the chelate 
resin is intended to merely capture chelate of ionized boron 
components, and is not intended to positively remove insoluble 
impurities simultaneously. The chelate resin is bead-like or 
granule-like form prepared by introducing aminopolyol groups 
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into a rigid three-dimensional crosslinked structure such as 
styiene-divinylbenzene type or phenol aldehyde type and the 
like, and problems thereof such as low capturing amount or 
capturing speed to boron components and very low regeneration 
speed at the time when the chelate resin which has captured the 
boron components is regenerated are pointed out. 
[0007] 

To solve the above-described problems, it is conceivable 
to employ a method in which the granule diameters of the 
chelate resin is reduced and the surface area is increased so as 
to increase an effective area to be in contact with the liquid to be 
treated in order to capturing speed or regeneration speed to 
metalloid ions by increasing diffusion and intrusion speed of the 
metalloid ions or regenerant. However, in executing this 
method, since it is required to reduce the granule diameter of 
chelate resin, there arises problems that the chelate resin is 
likely to fly and its handling is cumbersome and the resistance 
arising when the liquid is allowed to pass through the chelate 
resin filled layer is increased and the treatment efficiency is 
rather lowered. 
[0008] 

In addition, when the chelate resin which has lost its 
regeneration capability is disposed, problems of the bead-like or 
granule-like chelate resins that their disposal by incineration is 
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difficult or the treatment of reducing their volume is complicated 
are pointed out. 
[0009] 

Furthermore, the conventional chelate resins are not 
expected to remove insoluble floating impurities which 
contaminate a liquid to be treated in not a little amount, 
although they exhibit a capability of capturing metalloid ions to 
some extent as mentioned above. Accordingly, to remove such 
insoluble floating impurities to thereby sufficiently purify the 
liquid to be treated, the insoluble floating impurities in the 
liquid to be treated must be removed prior to or subsequent to 
the removal of metalloid ions by the chelate resin, and a 
treatment comprising at least two steps must be employed to 
yield a reliable purification effect. 
[0010] 

[Problems which the Invention Solves] 

The present invention has been made in view of the 
circumstances described above, and a first objective thereof is to 
provide a chelate-forming fiber which has an excellent capability 
of capturing metalloid elements such as boron or germanium and 
the like or compounds thereof, and is easy to be subjected to 
incineration and the like, and can be produced by a simple and 
safe method at low costs, and to develop a filter apparatus 
capable of efficiently removing metalloid ions and insoluble 
impurities in the liquid to be treated simultaneously by utilizing 
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the specific characteristics of the chelate fiber, and further, to 
establish a method capable of efficiently purifying liquid by 
using the filter apparatus. 
[0011] 

[Means by which the Problem is Solved] 

The filter apparatus according to the present invention 
which has solved the above-described problems is characterized 
in including, at least as a portion of a filter material, a 
chelate-forming fiber having an excellent chelate forming 
capability to metalloid elements or compounds thereof and 
having, in its fiber molecule, an amino group, two or more 
hydroxyl groups, and particularly, at least two hydroxyl groups 
combined with adjacent carbons. This filter apparatus can 
remove metalloid ions and insoluble impurities simultaneously 
by adjusting the space between fibers of the chelate-forming 
fiber in accordance with the size of insoluble impurities 
contaminated in the liquid to be treated, and the liquid to be 
treated can be efficiently purified in a simple treatment. 

[0012] 

Preferred groups to be introduced into a fiber molecule 
for imparting a chelate forming capability with metalloid 
elements or compounds thereof to the chelate-forming fiber to be 
a main constituent material of the filter is represented by the 
following general formula (l). 
[0013] 
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[Chemical Formula 2] 

- N - G 

I [I] 
R 

[0014] 

[wherein, G represents a residue of a chain sugar 
alcohol or a residue of a polyhydric alcohol, and R represents a 
hydrogen atom, a (lower) alkyl group, or -G (wherein G has the 
same meaning as defined above and may be a group identical to 
or different from the aforementioned G)3. Among them, 
especially preferable is that G in the above-mentioned formula 
[l] is a residue in which an amino group is eliminated from 
D-glucamine, or a dihydroxypropyl group, and R is a hydrogen 
atom or a lower alkyl group, 
[0015] 

The preferable groups to be introduced into a fiber 
molecule to impart a capability of forming a chelate (hereinafter, 
referred to as metalloid chelate forming capability in some cases) 
with metalloid elements or compounds thereof may be combined 
directly with a reactive functional group (e.g., hydroxyl group, 
amino group, imino group, aldehyde group, carboxyl group, or 
thiol group) in the fiber molecule, or indirectly with them via a 
cross-linking bond as mentioned below. In addition, as the fiber 
to be a base, any of natural fibers, regenerated fibers, and 
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synthetic fibers can be employed. Among them, typically 
preferred are natural or regenerated fibers in order to efficiently 
introduce the groups having the chelate forming capability such 
as described above. 
[0016] 

The method for producing the above-described metalloid 
chelate-forming fiber is not specifically limited. Preferable is a 
method in which an amine compound represented by the 
following general formula [II] is directly reacted with the 
reactive functional group in the fiber molecule. 
[0017] 

[Chemical Formula 3] 

H - N - G 

I [II] 
R 

[0018] 

[In the formula, G and R have the same meanings as 
defined above]. 

Alternatively, compounds each having two or more of 
groups selected from the group consisting of epoxy group, 
reactive double bond, halogen group, aldehyde group, carboxyl 
group, and isocyanate group are reacted with a reactive 
functional group in a fiber molecule, and , then, an amine 
compound represented by the above formula [2] is reacted. As 
an amine compound used herein, D-glucamine, 
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N-methyl-D-glucamine, or dihydroxypropylamine is the most 
practical synthetically considering metalloid chelate forming 
capability, reactivity with a fiber molecule, cost, and the like. 
[0019] 

[Embodiments] 

As described above, the metalloid chelate-forming fiber 
to be a constituent material of the filter apparatus according to 
the present invention is characterized in being imparted with a 
metalloid chelate forming capability by introducing, into a 
molecule of fiber, an amino group and a group having a hydroxyl 
group, and preferably a group having two or more hydroxyl 
groups, and more preferably, a group having two or more 
hydroxyl groups combined with adjacent carbons. For example, 
the metalloid chelate capturing reaction by the fiber into which 
N-methyl-D-glucamine residue has been introduced is as 
represented by the following formula [III] taking boron as an 
example. 

[0020] 

[Chemical Formula 4] 



fiber 




cross-linking 
agent 



CHjr OH 
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[0021] 

Specifically, this chelate-forming fiber has a group 
having an amino group and two or more hydroxyl groups, 
particularly a group having at least two hydroxyl groups 
combined with adjacent carbons introduced into a fiber molecule, 
and exhibits satisfactory chelate-forming capability to metalloid 
elements such as boron to thereby effectively capture the 
metalloids. 
[0022] 

The type of base fiber to which the metalloid 
chelate-forming capability is imparted is not specifically limited 
and includes, for example, cotton, hemp, and other various 
vegetable fibers; silk, wool; and other various animal fibers; 
viscose rayon, and other various regenerated fibers; and 
polyamides, acrylic, polyesters, and other various synthetic 
fibers. These fibers may also be those to which are provided 
with various modified properties, if necessary. 
[0023] 

Of these base fibers, especially preferred are vegetable 
fibers, animal fibers, and regenerated fibers each having, in a 
fiber molecule, reactive functional groups such as a hydroxyl 
group and an amino group. Since the reactive functional groups 
in the fiber molecule serve to easily introduce a group having the 
metalloid chelate-forming capability, these fibers are preferred. 
Even when the material fiber itself has no reactive functional 
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group, the material fiber is modified by an optional means such 
as oxidation and the like to introduce a functional group therein, 
and such a group as mentioned above can be introduced with the 
use of the functional group. 
[0024] 

The form of the base fiber to be used herein is not 
specifically limited, and may be monofilament or multifilament 
of long fibers, spun yarn of short fibers, woven or knitted fabric 
or string produced by weaving or knitting them, and non-woven 
fabric or paper. It is also possible to use fibers produced by 
using two or more kinds of fibers in combination or mixture, or a 
woven or knitted fabric. 
[0025] 

As is obvious from the above formula [III], the group to 
be introduced in to the base fiber is needed to include an amine 
group, and two or more hydroxyl groups, and particularly, two or 
more hydroxyl groups combined with adjacent carbons due to the 
necessity of forming a chelate with metalloids. 
[0026] 

Preferred groups meeting these requirements are as 
represented by the formula (l). In the formula (l), G represents 
a residue of a chain sugar alcohol or a residue of a polyhydric 
alcohol, and R represents a hydrogen atom, a (lower) alkyl group 
or -G (wherein G has the same meaning as defined above and 
may be identical to or different from the aforementioned G). Of 
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R, highly practicable is hydrogen or a (lower) alkyl group. In 
the above formula, the (lower) alkyl group includes CrC6 alkyl 
groups, of which methyl group or ethyl group is particularly 
preferred. 
[0027] 

Of the groups represented by the general formula (l), 
typically preferred are groups where G is a residue of a chain 
sugar alcohol or a residue of a polyhydric alcohol, and R is a 
hydrogen atom or a (lower) alkyl group. Examples of these 
groups include sugar alcohol residues, in which an amino group 
is eliminated from, for example, D-glucamine, D-galactamine, 
D-mannosamine, D-arabitylamine, N-methyl-D-glucamine, 
N-ethyl-D-glucamine, N-methyl- D-galactamine, 

N-ethyl-D-galactamine, N-methyl* D-mannosamine, or 

N-ethyl-D-arabitylamine, or dihydroxyalkyl groups. In 
consideration of the easiness of the introduction into a fiber 
molecule or the availability of materials, the most preferred is a 
residue, in which an amino group is eliminated from 
D-glucamine or N-methyl-D-glucamine, or a dihydroxypropyl 
group. 
[0028] 

These groups to be introduced into a fiber molecule to 
impart a capability of forming a chelate with metalloids may be 
combined directly with a reactive functional group (e.g., hydroxyl 
group, amino group, imino group, carboxyl group, aldehyde 
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group, or thiol group) in the fiber molecule or indirectly with 
them via a cross-linking bond. Taking into consideration the 
easiness of introduction into the fiber molecule, groups directly 
introduced via the cross-linking such as described below are 
recommended as being highly practical. 
[0029] 

A method for producing the metalloid chelate-forming 
fiber is not specifically limited, and the following process can be 
employed. Specifically, such a reactive functional group as 
mentioned above which a fiber molecule inherently has, or a 
reactive functional group which is introduced by modification is 
allowed to react directly with the amine compound represented 
by the above-mentioned formula [II] for example, or the reactive 
functional group is allowed to react with a compound having, in 
a molecule, two or more functional groups such as epoxy group, 
reactive double bond, halogen group, aldehyde group, carboxyl 
group, and isocyanate group and is then allowed to react with 
the amine compound represented by the general formula [II]. 
[0030] 

Specifically, when the fiber molecule has hydroxyl group 
and carboxyl group and the like, these groups are allowed to 
react directly with the amine compound represented by the 
general formula [II] to introduce this compound into the fiber 
molecule in the form of a pendant. A typical reaction in this 
case is as shown in the following. 
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[0031] 

[Chemical Formula 5] 

fiber- C OOH + H- N- G -» fiber- CO-N-G 

R R 
(wherein G and R have the same meanings as defined above). 
[0032] 

When a reactive functional group in the fiber molecule 
has a poor reactivity with the amine compound, the fiber is first 
allowed to react with a cross-linking agent to introduce a 
functional group having a high reactivity with the amine 
compound into the fiber in the form of a pendant, and this 
functional group is then allowed to react with the amine 
compound to introduce a group having a metalloid 
chelate-forming capability into the form of a pendant. The 
latter process is preferred as the process can optionally control 
the metalloid capturing capability (i.e., the introduced amount of 
a group having metalloid chelate-forming capability) according to 
an intended purpose, by adjusting the use amounts of the 
cross-linking agent and amine compound with respect to the 
fiber. 
[0033] 

Preferred cross-linking agents for use herein include 
compounds each having two or more of, and preferably two of, for 
example, epoxy group, reactive double bond, halogen group, 
aldehyde group, carboxyl group, and isocyanate group. 
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Examples of such preferred cross-linking agents include glycidyl 
methacrylate, glycidyl acrylate, allyl glycidyl ether, glycidyl 
sorbate, epichlorohydrin, epibromohydrin, ethylene glycol 
diglycidyl ether, neopentyl glycol diglycidyl ether, glycerin 
diglycidyl ether, polypropylene glycol diglycidyl ether, maleic 
acid, succinic acid, adipic acid, glyoxal, glyoxylic acid, 
tolylenediisocyanate, and hexamethylene diisocyanate. Among 
them, typically preferred are glycidyl methacrylate, 
epichlorohydrin, and ethylene glycol diglycidyl ether. 
[0034] 

Typical examples of reactions in the introduction of the 
amine compound using such a cross-linking agent as described 
above are as follows. 
[0035] 
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[Chemical Formula 6] 



Silk is shown hy (SilkJ-NH 2 

N-methyl-D glucamine: CH 3 NHCH 2 (CHOH) 4 CH20H is shown by 

hn-IgIu] 



» ° 80t*Xlhr 




ISilkj 



+HN-{gTu] 



H*0 
80tXl5hr 



ISilkl -NH 




W- lGlu 1 



1 1 0 Cyclohexanol 1 1 OH 

80tX6hr 



ISilkj -NH T Ct-t-HN— fGlul 
OH 1 1 



H 2 0 1 1 OH 

70Cx6hr 



lSilk| -NH 2 + Y~^0^~V~V 4-N-fGlul 



H 2 0 
80tXl5hr 



I Si lk| -NH" 



HO 0 0 OH 



18 



10-121195 



[0036] 

A reaction for introducing a group having a capability of 
forming a chelate with metalloids into a fiber using such a 
cross-linking agent is not particularly limited. A preferred 
process includes the step of allowing the base fiber to react with 
the above-described cross-linking agent in a polar solvent such 
as water, N^-dimethylformamide or dimethyl sulfoxide at about 
60°C to 100°C for about 30 minutes to several ten hours, where 
necessary using, for example, a reaction catalyst or an 
emulsifier. According to this reaction, the cross-linking agent 
is allowed to react with a reactive functional group (e.g., 
hydroxyl group or amino group) in a fiber molecule to thereby 
combine with the fiber, and a functional group which is readily 
reactive with the amine compound as represented by the 
above-mentioned formula [II] can be introduced into the fiber 
molecule. Subsequently, the fiber having the introduced 
functional group is allowed to react with the amine compound in 
a polar solvent such as water, N^-dimethylformamide or 
dimethyl sulfoxide, where necessary with the use of a reaction 
catalyst, at 60°C to 100°C for about 30 minutes to several ten 
hours, and an amino group in the amine compound reacts with a 
reactive functional group (e.g., epoxy group or halogen group) of 
the cross-linking agent to thereby introduce the group 
represented by the above-mentioned formula [Ij which has a 
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capability of forming a chelate with metalloids into the fiber 
molecule in the form of a pendant. 
[0037] 

This reaction is usually performed step by step, but in 
some reaction systems, the cross-linking agent and the amine 
compound are allowed to coexist to thereby allow the both 
compounds to react with a fiber. As is already described above, 
the base fiber to be used in this reaction may be optionally 
selected from the group consisting of monofilament or 
multifilament of long fibers, spun yarn of short fibers, woven or 
knitted fabric produced by weaving or knitting them, and 
non-woven fabric or paper. It is also possible to use fibers 
produced by using two or more kinds of fibers in combination or 
mixture, or a woven or knitted fabric. 
[0038] 

The amount of the group having the capability of 
forming a chelate with metalloids into the base fiber can be 
optionally controlled by the amount of the reactive functional 
groups in the base fiber molecule, the amount of amine compound 
to be used for the introduction reaction, or the amount and 
conditions of reactions of the cross-linking agent and the amine 
compound. To impart a sufficient capability of capturing 
metalloids to the fiber, the amount is preferably controlled so 
that the substituent amount calculated by the following equation 
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becomes equal to or more than about 10% by weight, more 
preferably equal to or more than about 20% by weight. 
[0039] 

substituent rate (% by weight) = 
[(weight of fiber after introduction of substituent - weight of 
fiber before introduction of substituent)/(weight of fiber before 
introduction of substituent)] x 100 

(wherein the substituent group means the group represented by 
the above-mentioned formula [l]). 

To enhance the metalloid-capturing capability, the 
higher the above introduced amount, the better. Accordingly, 
the upper limit of the substituent rate is not specifically limited. 
When the substituent rate becomes excessively high, the 
crystallinity of the substituent-introduced fiber is enhanced and 
the fiber tends to become fragile. Therefore, the substituent 
rate is preferably suppressed to equal to or less than about 130% 
by weight, and more preferably equal to or less than about 80% 
by weight, synthetically considering practical utility as a 
material for capturing metalloids and economical efficiency. In 
some uses, however, the metalloid-capturing capability can also 
be enhanced by controlling to a high substituent rate such as 150 
to 200% by weight depending on the kinds of functional groups or 
amine compounds in the fiber molecule or the cross-linking 
agent, the usage and the like. 
[0040] 
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The metalloid-chelate-forming fiber obtained in the 
manner as described above may be obtained in any form 
depending o n the property of the base fiber used, such as 
monofilament, multifilament, spun-yarn, non-woven fabric, 
textile fabric, knits, string, and paper and the like. In any 
form, substantially all of the groups having the capability of 
forming a chelate with metalloids described above which have 
been introduced onto the molecular surface of the fibers having a 
small diameter effectively exhibit a metalloid-capturing 
capability. Therefore, the metalloid-chelate-forming fiber 
exhibits remarkably excellent metalloid-capturing capability as 
compared with those in the form of granules. 
[0041] 

As described above, the chelate-forming fiber used in the 
present invention has an excellent chelate-capturing capability 
to metalloid ions. Therefore, by manufacturing a filter 
apparatus including fibers arranged at a space corresponding to 
the necessity using this chelate fiber as a part or entire of the 
filter material, and allowing liquid to pass therethrough, the 
metalloid ions contained in the liquid are captured by forming a 
chelate and are removed, and at the same time, insoluble 
impurities mixed in a solid state are also removed, to thereby 
enabling to highly purify the liquid to be treated in one 
treatment. 
[0042] 
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In this case, the metalloid-chelate-forming fiber used in 
the present invention is more expensive than a usual filter 
material. Therefore, preferably, a large amount of insoluble 
impurities contained in the liquid to be treated are removed 
beforehand by proper means, and after that, the liquid is passed 
through the metalloid-chelate-forming fiber layer to thereby 
simultaneously removing the remaining insoluble impurities and 
the metalloid ions. 
[0043] 

The construction of the filter itself is not noticeably 
special, and can be formed in the same manner as in filters 
having all known structures. Such structures include, for 
example, structure obtained by using the chelate forming fiber 
for a part or the entire structure depending on the usage, and 
forming the chelate-forming fiber material into a mat having a 
single- or multi-layer structure made of a woven/knitted or 
non-woven fabric having any space between fibers and 
assembling the mat to a suitable substrate, structure obtained 
by winding a string made of the chelate-forming fiber around the 
outer periphery of a liquid-permeable substrate cylinder in a 
twill pattern several times, structure obtained by folding a 
woven/knitted fabric or non-woven sheet made of the 
aforementioned fiber in a pleated pattern and assembling the 
resultant to a substrate member, and bag filter obtained by 
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forming a woven or knitted fabric or non-woven fabric made by 
using the aforementioned fiber into a bag. 
[0044] 

In this case, the space between fibers can be optionally 
controlled by adjusting the thickness of the chelate-forming fiber 
used, the woven or knitted density, the number of lamination 
layer or the density of lamination, or by adjusting the density of 
winding, the thickness of wound layers, or the tension of winding 
when the fiber is obtained by winding a string of the 
chelate-forming fiber several times into plural layers. A filter 
having an appropriate capability of purification according to 
necessity can therefore be obtained by controlling the space 
between fibers according to the particle sizes of insoluble 
impurities contaminating the liquid to be treated. 
[0045) 

In the filter apparatus of the present invention, the 
filter material may be entirely made of the chelate-forming fiber 
and the entire filter layer may be imparted with a capability of 
removing both metalloid ions and insoluble impurities. 
However, since the chelate-forming fiber of the present invention 
is more expensive than a normal filter material, it is also 
possible that the chelate-forming fiber and a normal filter 
material for filtration are combined with each other at a proper 
ratio (spun, woven, knitted, laminated and the like) in 
accordance with the contained ratio of metalloid ions and 
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insoluble impurities contained in the liquid to be treated, to 
thereby obtaining high purification effect at relatively low cost. 
[0046] 

In manufacturing the filter apparatus, it is a matter of 
course possible to incorporate the non-woven fabric, woven or 
knitted fabric, string or the like made of the 
metalloid-chelate-forming fiber manufactured in the 
above-described method into the filter apparatus. 
Alternatively, it is also possible that the liquid containing 
metalloid chelate-forming compound is allowed to circulate 
through the filter apparatus including the fiber having groups 
including reactive functional groups with the metalloid-chelate 
forming compound (or the groups are introduced into the reactive 
functional groups), and the metalloid-chelate forming functional 
groups are introduced into the filter material thereafter to 
thereby imparting a chelatecapturing capability. Therefore, 
when a normal filter apparatus using, for example, a cellulose as 
a filter constituent material, and a metalloid-chelate forming 
functional group is introduced into the filter apparatus, it is 
possible to obtain the filter apparatus of the present invention 
also having metalloid ion removing capability. 
[0047] 

The present invention is structured as described above, 
and the following advantages can be obtained by using the 
chelate-forming fiber as a filter material. 
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[0048] 

(D A conventional granule chelate resin has an outer 
peripheral surface and a small hole portion as sites serving to 
capture a chelate. The diffusion rate is low at the small hole 
portion and all the functional groups cannot substantially 
contribute to capture a chelate. Therefore, the effective 
utilization rate as a chelate resin as a whole is extremely low 
and the absolute amount of element which can be captured is 
inevitably insufficient. In addition, a capability of removing 
insoluble impurities can hardly be expected. Contrarily, in the 
filter of the present invention, all the chelate -forming functional 
groups which have been introduced into the surfaces of fibers are 
effectively utilized for capturing a chelate of metalloid 
components and the effective specific surface area is large. As 
a result, high capability of capturing a chelate can be obtained 
with the use of small amount, and insoluble impurities contained 
in the liquid to be treated can be simultaneously removed by 
adjusting a space between fibers, to thereby obtaining a high 
purification effect in one treatment. 
[0049] 

(2) Since the chelate-forming functional groups are 
exposed on the surfaces of fibers constituting the filter material, 
the adsorption speed is high. 
[0050] 
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(D A granule chelate resin becomes fragile and changed 
into fine powder when it is dried, and cannot be used in a 
practical application. Contrarily, the chelate fiber used in the 
present invention is obtained by introducing chelate-forming 
functional groups into the fiber material, it never becomes 
fragile even when it is dried, and it is easy to repeatedly use the 
chelate resin by regeneration. 
[0051] 

<§> The granule chelate resin is usable only to limited 
applications depending on the shape of container into which the 
granule chelate resin is charged. Contrarily, since the 
chelate-forming fiber is used as a filter material in the present 
invention, the chelate-forming fiber can be formed into a filter in 
an optimum shape corresponding to an intended use by forming 
the chelate-forming fiber into a form such as non-woven fabric, 
woven or knitted fabric, a string and the like. 
[0052] 

(D In the granule chelate resin, the space rate is 
automatically determined by a particle size. Contrarily, in the 
chelate fiber, the filling density or the space between fibers is 
optionally changeable by changing the form of the fiber. As a 
result, a high purification effect corresponding to the particle 
diameter of insoluble impurities contained in the liquid to be 
treated can be ensured. 
[0053] 
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® When the filter of the present invention is used, 
after metalloid components and insoluble impurities are 
captured by the chelate-forming fiber, and the fiber is treated 
with strong acid aqueous solution such as basic acid or sulfuric 
acid and the like. In this manner, only the metalloid elements 
which have been captured by forming a chelate can be easily 
detached, and the metalloid components can be collected from 
the regenerated liquid as valuable components. 
[0054] 

The chelate-forming fiber used in the present invention 
has, in addition to the advantages achieved as a result that the 
fiber is formed into the fiber as described above, a characteristic 
that it selectively forms a chelate with metalloid components 
even when other metal ions, for example, metals such as Mg, Ca, 
Zn, Na, K and the like, or other cationic ions, for example, 
halogen ions such as fluorine, chlorine, iodine coexist, and can be 
extremely effectively utilized as a selective capturing material 
for metalloids. Therefore, in various manufacturing steps, only 
harmful metalloids are removed from process liquids containing 
Mg, Ca, Na, K and the like, or alternatively, only harmful 
metalloids are removed while leaving Mg, Ca, Na, K and the like 
which may be contained in drinking water or food processing 
water. 
(0055) 
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As a result, the filter apparatus of the present invention 
can efficiently remove metalloids due to the metalloid chelate 
forming capability which is unique to the chelate-forming fiber 
to be used as a constituent material of the apparatus and also 
remove insoluble impurities simultaneously, and can be 
effectively utilized for purifying liquids to be treated such as 
listed below, for example. 
[0056] 

a. Purification of drinking water or water for food 
processing and the like (especially simultaneous removal of 
harmful ionic substances containing metalloids and insoluble 
impurities). 

[0057] 

b. Removal of germanium which is mixed as a 
polymerization catalyst in ethylene glycol left as an unreacted 
substance at the time of manufacturing polyester. 

[0058] 

c. Removal of arsenic contained in edible oils as well as 
insoluble impurities. 

[0059] 

d. Removal of boron which may be contained as rust 
inhibiting component in a waste oil of engine oil, motor oil, or 
the like (waste oil treatment). 

[0060] 
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e. Removal of boron or silicon as well as insoluble 
impurities at the time of manufacturing highly pure water. 

[0061] 

f. Removal and purification of selenium mixed in waste 
water discharged from a thermal power plant which uses coal as 
a fuel as well as insoluble impurities. 

[0062] 

g. Removal and purification of boron mixed in waste 
water discharged from a nuclear power plant or natural gal 
utilizing plant as well as insoluble impurities. 

[0063] 

h. Removal and purification of boron from waste water 
generated as a result of washing coal and ash as well as 
insoluble involvements. 

[0064] 
[Examples] 

Next, examples of the present invention will be 
described. It should be noted that the examples are not 
intended to limit the scope of the invention, and modifications 
can be made without departing from the purports described 
hereinabove and hereinafter and are also included in the 
technical scope of the present invention. 
[0065] 

Example • 
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A commercially available cartridge filter (produced by 
Advantec Toyo Kaisha, Ltd. under the trade name of 
"TCW-l-CSS f \ nominal pore size- 1 |im) produced by winding a 
cotton spun yarn around a stainless steel core material in a twill 
pattern was mounted to a polypropylene housing (produced by 
Advantec Toyo Kaisha, Ltd. under the trade name of 
"IPP-l-FS-OOO"). Separately, in 7000 ml of distilled water, 53.6 
g of glycidyl methacrylate, 2.7 g of a nonionic surfactant 
(produced by Daiichi Kogyo Seiyaku Co., Ltd. under the trade 
name of "Noigen EA126"), 2.7 g of a nonionic surfactant 
(produced by Nippon Oils & Fats Corporation under the trade 
name of "Nonion OT-221"), 5.8 g of a 31% H2O2 water, and 471.2 
g of a 0.5% aqueous thiourea dioxide solution were dissolved to 
yield a solution. The solution was circulated at 60°C at a flow 
rate of 15 liter/minute for 1 hour, using a circulating pump, to 
thereby graft glycidyl methacrylate to a cotton spun yarn 
molecule. After the reaction solution was discharged, the filter 
was washed by circulating 3000 ml of distilled water. 
[0066] 

Next, 1500 g of N-methyl-D-glucamine was dissolved in 
3000 ml of distilled water, and the resulting solution was 
circulated in the glycidyl methacrylate grafted filter at 80°C for 
2 hours to introduce a. metalloid chelate-forming functional 
group into the cotton spun yarn constituting the filter. 
Subsequently, circulation and discharge were repeated using 
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distilled water until washings became neutral to yield a 
metalloid chelate-forming filter. 
[0067] 

This metalloid chelate-forming filter was then mounted 
to the polypropylene housing. Separately, boric acid was 
dissolved in distilled water and the concentration of boron was 
adjusted to 10 ppm to yield a solution, and in 10 liters of this 
solution, 2.01 g of a fine silicon dioxide powder having a mean 
particle size of 10 \im was dispersed as an insoluble impurity to 
yield a test solution. The test solution was circulated at 25°C 
at a flow rate of 15 liter/minute for 30 minutes. 
[0068] 

After that, the concentration of boron remained in the 
test solution was then determined to find that the concentration 
was reduced to 1 ppm or less. Separately, 1 liter of the test 
solution was allowed to pass through a membrane filter having a 
pore size of 0.1 jxm and a removal percentage was determined by 
measuring the residual amount of silicon dioxide to find that the 
removal percentage was 96%. 
[0069] 

Example 2 

A metalloid chelate-forming filter prepared in the same 
manner as in Example 1 was mounted to the polypropylene 
housing. Separately, germanium oxide was dissolved in an 
alkali and the resulting solution was adjusted to neutral and was 
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adjusted to a germanium concentration of 10 ppm to yield a 
solution. In 10 liters of this solution, 1.98 g of a fine silicon 
dioxide powder having a mean particle size of 10 jjim was 
dispersed as insoluble impurity to yield a test solution. The 
test solution was circulated at 25°C at a flow rate of 15 
liter/minute for 30 minutes. 
[0070] 

Subsequently, the concentration of germanium remained 
in the test solution was determined to find that the 
concentration was reduced to 1 ppm or less. Separately, 1 liter 
of the test solution was allowed to pass through a membrane 
filter having a pore size of 0.1 p,m and a removal percentage was 
determined by measuring the residual amount of silicon dioxide, 
to find that the removal percentage was 97%. 
[0071] 

Example 3 

A metalloid chelate-forming filter prepared in tine same 
manner as in Example 1 was mounted to the polypropylene 
housing. Separately, arsenic trioxide was dissolved in an alkali 
and the resulting solution was adjusted to an arsenic 
concentration of 10 ppm to yield a solution. In 5 liters of this 
solution, 1.04 g of a fine silicon dioxide powder having a mean 
particle size of 10 fxm was dispersed as insoluble impurity to 
yield a test solution. The test solution was circulated at 25°C 
at a flow rate of 15 liter/minute for 30 minutes. 
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[0072] 

Subsequently, the concentration of arsenic remained in 
the test solution was determined to find that the concentration 
was reduced to 1 ppm or less. Separately, 1 liter of the test 
solution was allowed to pass through a membrane filter having a 
pore size of 0.1 |im and a removal percentage was determined by 
measuring the residual amount of silicon dioxide, to find that the 
removal percentage was 97%. 
[0073] 

Example 4 

A metalloid chelate-forming filter was prepared in the 
same manner as in Example 1, except that a cartridge filter 
(produced by Advantec Toyo Kaisha, Ltd. under the trade name 
of "TOl", nominal pore size* 1 ^im) produced by molding a 
cellulose fiber filter paper into a pleated pattern was used 
instead of the cartridge filter produced by winding a cotton spun 
yarn around a stainless steel core material in a twill pattern 
used in Example 1. 
[0074] 

The above-prepared metalloid chelate-forming filter 
material was mounted to the same polypropylene housing as 
above. Separately, boric acid was dissolved in distilled water 
and the resulting solution was adjusted to a boron concentration 
of 10 ppm. In 10 liters of the resulting solution, 1189 g of a fine 
silicon dioxide powder having a mean particle size of 10 nm was 
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dispersed as insoluble impurity to yield a test solution. The 
test solution was circulated at 25°C at a flow rate of 15 
liter/minute for 30 minutes. 
[0075] 

Then, the concentration of boron remained in the test 
solution was determined to find that the concentration was 
reduced to 1 ppm or less. Separately, 1 liter of the test solution 
was allowed to pass through a membrane filter having a pore 
size of 0.1 fjtm and a removal percentage was determined by 
measuring the residual amount of silicon dioxide, to find that the 
removal percentage was 97%. 
[0076] 

Example 5 

A metalloid chelate -forming filter prepared in the same 
manner as in Example 1 was mounted to a stainless steel 
housing (produced by Advantec Toyo Kaisha, Ltd. under the 
trade name of "ITS"), and a test solution prepared by dispersing 
0.46 g of a fine silicon dioxide powder having a mean particle, 
size of 10 jtm as insoluble impurity in 2 liters of engine oil 
having a boron concentration of 35 ppm was circulated therein at 
25°C at a flow rate of 1 liter/minute for 30 minutes. 
[0077] 

Subsequently, the concentration of boron remained in 
the test solution was determined to find that the concentration 
was reduced to 1 ppm or less. Separately, 1 liter of the test 
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solution was diluted with mineral spirit and was then allowed to 
pass through a membrane filter having a pore size of 0.1 \xm and 
a removal percentage was determined by measuring the residual 
amount of silicon dioxide, to find that the removal percentage 
was 95%. 

[0078] 

[Effect] 

The present invention is configured as described above. 
The use of the metalloid chelate-capturing filter having both a 
high capturing capability to metalloid ions and a removing 
capability to insoluble impurities as a filter material can 
concurrently remove metalloid components and insoluble 
impurities in a liquid to be treated to thereby very efficiently 
purify the liquid to be treated. 
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[Kind of document] ABSTRACT 
[Summary] 

[Object] To establish a filter apparatus and a purification method 
capable of concurrently and efficiently removing metalloid elements 
such as boron, germanium or compounds thereof as well as insoluble 
impurities contained in the liquid to be treated. 

[Construction] The present invention discloses a filter apparatus 
capable of concurrently removing metalloids and insoluble impurities 
for purification using the metalloid chelate-forming fiber in which, at 
least as a part of the filter material, an amino group, and a group 
having at least two hydroxyl groups combined with carbons are 
introduced into a fiber molecule, specifically, a group represented by 
the following formula [I] is introduced into the fiber molecule, and a 
method for purifying the liquid using the same- 

[Chemical Formula l] 

- N - G 

I [I] 
R 

[wherein, G represents a chain sugar alcohol residue or a polyhydric 
alcohol residue, and R represents a hydrogen atom, a (lower) alkyl 
group, or -G (wherein G has the same meaning as defined above and 
may be a group identical to or different from the aforementioned G)]. 

[Selected Figure] None 
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